D-lactam antibiotics may remain impaired for prolonged periods.
Piperacillin, a broad-spectrum ureido-penicillin, is normally excreted in high concentrations in bile (14) , with up to 20% of the administered dose being excreted by this route (10) . After a 2-g intravenous dose, mean piperacillin levels of 335 ,ug/ml may be achieved in bile, whereas levels up to 1,793 ,ug/ml have been obtained 150 min after a 4-g dose.
In the presence of biliary obstruction, the excretion of cephalosporins in bile is markedly inhibited (11, 12) , and this may also be true for piperacillin, an agent which is particularly valuable in the prevention and management of septic episodes occurring in patients with complex biliary diseases (1) . Preoperative decompression of the obstructed biliary tract by the percutaneous insertion of a transhepatic catheter has been advocated in the management ofjaundiced surgical patients (8) . Significant improvement in renal and hepatic functions may be achieved during a period of decompression (9) , although the ability of the liver to excrete antibiotics in normal concentrations after such a procedure has not been demonstrated (6, 7) . We have therefore examined the biliary excretion of piperacillin during a period of preoperative biliary decompression in patients with obstructive jaundice to evaluate the significance of improvement in hepatic function with regard to the biliary elimination of 1-lactam antibiotics.
MATERIALS AND METHODS
Eleven patients ( introduction of X-ray contrast medium or the insertion of the drainage catheter. For patients undergoing external biliary drainage, an additional 1-g dose of piperacillin was given 6 h later; 1 h after this second dose, bile was obtained from the proximal drainage catheter for antibiotic assay. Toward the end of the period of biliary drainage, a single 1-g intravenous dose of the antibiotic was administered, and as before, bile was collected at 1 h for antibiotic assay. Venepuncture was performed for the assay of antibiotic in serum and for liver function tests at the time of collection of all bile samples. Bile and serum samples were held at -20°C for up to 48 h from the time of collection until drug assay. Aerobic and anaerobic cultures were performed on all bile samples, and blood cultures were obtained when indicated clinically.
Piperacillin assays of bile and serum were performed by the plate diffusion assay technique with Difco Penassay seed agar and Micrococcus luteus NCIB 8553 as indicator. Bile and serum samples were diluted in 0.1 M phosphate buffer (pH 6.0) before the assay, which was performed in duplicate. The limit of detection of piperacillin was approximately 1 jig/ml, and the interassay coefficient of variation was 5% at 1 ,ug/ml and 8% at 8 ,ug/ml. Gross hemobilia was not observed at any time after PTC and the insertion of a drainage catheter, and no correction of assay results was made for the presence in bile of traces of blood.
RESULTS
Values for piperacillin concentration in bile and serum at the time of initial PTC, 6 h after the insertion of a biliary drainage catheter, and toward the end of a period of external biliary drainage are listed in Table 1 . For comparison, plasma bilirubin concentrations estimated at the same time intervals were also tabulated.
At the time of biliary puncture, 40 to 75 min after the first intravenous dose of piperacillin, no antibiotic was detected in the bile of 7 of 11 patients. Piperacillin levels in the bile of the remaining four patients were low (1.2 to 18.0 ,ug/ml; mean, 7.9 ,ug/ml) and much lower than the corresponding serum antibiotic concentration (2.1 to 120.0 ,ug/ml; mean, 43.7 ,ug/ml). One hour after a second 1-g dose of piperacillin administered six hours after the procedure, serum antibiotic concentrations had risen in all patients (5.3 to 140.0 ,ug/ml; 150 p.g/ml may be anticipated after a 2-g dose (14) . The administration of prophylactic antibiotics to protect against septic complications associated with PTC and the insertion of a biliary drainage catheter is normally undertaken 30 min before the commencement of the procedure and approximately 1 h before the puncture of the biliary tree. The results obtained in this study suggest that for a 1-g intravenous dose of piperacillin, levels of antibiotic in serum at the time of biliary puncture were adequate, although the concentrations achieved in bile were unlikely to confer any additional protection against infection. In some patients in this series, the concentration of piperacillin in bile marginally exceded the typical MIC for susceptible organisms. However, bile levels were uniformly low and, despite intravenous administration, no drug could be detected in the bile of 7 of 11 (64%) patients at the time of initial PTC.
1-lactam antibiotics are excreted in bile by an active hepatocyte secretory mechanism (13) , although in the presence of a biliary tract obstruction, this mechanism may be severly impaired. Although it has been proposed that percutaneous insertion of an indwelling drainage catheter for preoperative relief of jaundice reduces operative morbidity and mortality by improvement of hepatic and renal function, this has remained unproven in controlled trials (9) . Moreover, this route for exogenous infection may be associated with an increased incidence of septic complications (2) . Despite the rapid reduction of plasma bilirubin during biliary decompression, antibiotic elimination may remain impaired for extended periods after the relief of obstruction. Dooley even 28 days. There is experimental evidence that hepatocyte function may remain impaired for up to 6 weeks after the relief of biliary obstruction (5) . This has been confirmed after percutaneous biliary drainage in humans with studies of the clearance of antipyrine, an indicator of hepatic oxidative metabolism (15) . The results suggest, therefore, that a marked reduction in plasma bilirubin concentration, as a marker of hepatic function, does not correlate with a similar improvement in the biliary elimination of ,-lactam antibiotics.
The significance of high biliary concentrations of antibiotic in surgical prophylaxis and the treatment of established sepsis of biliary origin have been questioned (4) . Although antibiotics achieving high concentrations in serum as opposed to bile have been shown to offer a reduced incidence of postoperative septic complications, the combination of serum and bile antibiotic levels in excess of the MIC for common biliary tract pathogens may afford enhanced protection. Piperacillin has been proven capable of reducing the incidence of septic complications in high-risk patients with obstructive jaundice (1) . The findings of the present study suggest, however, that for patients undergoing biliary decompression as part of a staged approach to the surgical management of obstructive jaundice, excretion of this and related antibiotics may remain impaired for extended periods, although the clinical significance of this phenomenon remains uncertain.
